Objective: To evaluate the effect of Cawthorne-Cooksey and Frenkel exercises on balance in patients with multiple sclerosis. Design: It was a three-arm parallel randomized controlled trial study. Setting: Outpatient clinic. Subjects: Patients with multiple sclerosis. Interventions: Subjects in the intervention groups completed a 12-week program consisted of Cawthorne-Cooksey or Frenkel exercises. The control group only received routine care. Main measures: The outcome measure was the Berg Balance Scale. Results: Seventy-two patients completed the study. At the end of the intervention, there was a statistically significant improvement in Berg Balance Scale in the Cawthorne-Cooksey group (n = 24) in comparison with the other two groups (P = 0.001). In the Frenkel group (n = 23), the improvement was statistically greater than the changes in the control group (n = 25), but it did not appear to be clinically significant. The Berg Balance Scale score increased to 8.9 in the Cawthorne-Cooksey group and 2.3 in the Frenkel group, while it decreased to 1.2 in the control group. When comparing inter-group changes, Berg Balance Scale showed significant improvements in favor of the Cawthorne-Cooksey group after the intervention (P < 0.05). Conclusion: This study demonstrated that in comparison with Frenkel and the control groups, a program of Cawthorne-Cooksey exercise is more effective in improving balance in patients with multiple sclerosis.
Introduction
Balance is defined as "the ability to maintain the body's center of gravity within the base of support with minimal sway." 1 The control of human balance and coordination relies on cooperation between the cerebellum, 2 somatosensory, visual and vestibular pathways. 3 It has been reported that these central sensory integrations are frequently impaired in multiple sclerosis, which may lead to balance problems. 4 According to Finlayson et al.'s 5 study, 87.9% of patients with multiple sclerosis experiences impaired balance.
There is no effective pharmacological intervention to resolve imbalance in patients with multiple sclerosis. 6 Hence, non-pharmacological approaches are considered as significant strategies to improve balance in these patients. Yoga therapy, 7 group exercise training 8 and vibrotactile biofeedback of trunk sway 9 are few examples of these interventions.
Exercise therapy is a method, which is suggested to be useful for individuals with multiple sclerosis; [10] [11] [12] however, its effectiveness on balance has not been proved yet. For example, Brichetto et al. 13 reported that tailored balance exercises based on the patient-specific sensory system impairment could improve balance and postural control in patients with multiple sclerosis. However, Nilsagård et al. 14 reported that Wii games balance exercise program could not improve balance performance.
There have been a limited number of studies that have investigated specific exercises for balance in patients with multiple sclerosis. Among exercise protocols demonstrated to improve balance, Cawthorne-Cooksey and Frenkel were particularly created to fulfill this aim.
Cawthorne-Cooksey exercise is a vestibular rehabilitation program that tries to achieve vestibular compensation by adaptation, habituation and substitution based on the mechanisms of neuroplasticity. [15] [16] [17] It can also do the functional recovery of the vestibulo-ocular and vestibulo-spinal reflexes. 18 A study using Cawthorne-Cooksey exercise program showed balance improvement in elderly women. 19 In addition to Cawthorne-Cooksey, Frenkel exercise may improve balance and walk since it helps the central nervous system to update the kinesthetic sense, or the body sensory information knowing where it is in space. 20 A case-report study revealed a positive effect of Frenkel exercise in improving the balance of one patient with acquired immunodeficiency syndrome. 21 There is limited evidence regarding the effectiveness of intervention using the CawthorneCooksey and Frenkel exercises on balance in patients with multiple sclerosis. Furthermore, the prevalence of imbalance in patients with multiple sclerosis is high and it has a negative impact on different aspects of their lives. Therefore, we intended to determine whether the use of balance exercises performed on a Cawthorne-Cooksey is more beneficial than those performed on a Frenkel in patients with multiple sclerosis. Also, it is not known whether either exercise can help or which one is better than the other.
The aim of our study was to investigate the effect of Cawthorne-Cooksey and Frenkel exercises in improving balance in patients with multiple sclerosis.
Methods
Those eligible for the study were people with multiple sclerosis who had medical records of the society of special diseases of the Vice Chancellor in treatment affairs of Yasuj University of Medical Sciences, Iran, in 2016. The inclusion criteria consisted of a confirmed diagnosis of disease by a neurologist at least six months from onset, being in remission period, being between the ages of 15 and 55 years, ability to stand for 30 seconds and to walk a distance of 6 m without any assistance, to have a Berg Balance Scale (BBS) score of 21-40, no previous participation in a rehabilitation program and not suffering from any other diseases other than multiple sclerosis. Unwilling or unable to participate in the research and disease relapse during the study were considered as exclusion criteria.
The study was approved by the research Ethics Committee of Yasuj University of Medical Sciences (ETH no. ir.yums.REC.1394.180) and was registered on the site of Iranian Registry Clinical Trials with IRCT no. IRCT2016031527063N1. 22 Multiple sclerosis patients were identified by extracting their information from medical records. Potential participants received a phone call informing them about the purpose of the study and inviting them to participate. Then, the patients were asked to notify the research team about their consent or refusal to participate in the study within three days. After willingness to participate, they were referred to the outpatient clinic at the university hospital in order to assess whether or not they met the inclusion criteria. Written informed consent was obtained from all the participants who met the inclusion criteria. In consent form, emphases were placed on the confidentiality of information and the patient's ability to exit at any stage during the study. Patients' balance baseline data on the first assessment were collected at this stage. A statistician who was not involved in any part of the study procedure performed the blocked randomization process. The groups were randomly labeled (A = Cawthorne-Cooksey group, B = Frenkel group, C = control group). Since there were three groups in this study, the total number of blocks was six in blocks of three. Then, random sampling with replacement was made from these blocks. After determining the group of each participant, pamphlets containing the exercises protocol were given to them. Afterward, the interventions were performed in the above-mentioned clinic for 12 weeks.
The second data collection was conducted 1/5 months after the initiation of intervention, that is, six weeks after the first data collection. At the end of the final week (12 weeks after the first data collection), outcome measure was re-assessed and the third data were collected. Data were collected by the third author (S.N.D.) who was blinded to allocation.
Intervention
The intervention schedule for the exercise groups (Cawthorne-Cooksey and Frenkel) was carried out during three exercise sessions, alternate days, with a total of 12 weeks (three months). Each session lasted about 60 minutes (Two 30-minute sessions with 15-minute rest intervals). The level of difficulty of exercises gradually increased during the intervention period.
Cawthorne-Cooksey group received a standardized program based on Cawthorne-Cooksey exercise protocol. 15, 16 This exercise consists of repetitive, gradually getting more difficult, eye, head and trunk movements in sitting and upright position both with an opened and closed eye for new arrangements of peripheral sensorial information, to stimulate the vestibular system and improve balance (see Appendix 1, Supplementary Material for details).
The intervention undertaken in the Frenkel exercise group consisted of a program that targeted cerebellum as the main center for controlling balance. It included a series of slow, repetitious motions that were performed in different positions when lying down, sitting and standing. The protocol for Frenkel exercise was obtained from a previous study conducted on the same issue 23 and described in details in Appendix 2 (Supplementary Material).
The patients in the control group had only received routine care. However, after completion of the study, all participants in this group received an educational pamphlet containing CawthorneCooksey and Frenkel exercises.
Outcome measurements
The outcome measure was the change in patients' balance. The BBS is a special scale to examine the ability of multiple sclerosis patients to sit, stand, lean, turn and maintain the upright position on one leg. This scale contains 14 items that each of them graded from 0 (the lowest level of function) to 4 (highest level of function). The maximum total score is 56 with lower scores indicating more impaired balance. The validity and reliability of BBS were confirmed in Persian version. 24, 25 
Statistical analysis
Collected data were analyzed using the SPSS version 21 (SPSS Inc., Chicago, IL, USA) for windows by descriptive and inferential statistics. The demographic data were analyzed by descriptive statistics including mean, standard deviation, frequency and percentage. The distribution of dependent variable was assessed by the Kolmogorov-Smirnov Z-test, and because of its normal distribution, the results of parametric tests were reported for analysis. A repeated-measure analysis of variance (ANOVA) was used to compare the mean score of balance in patients for both the group (Cawthorne-Cooksey, Frenkel and control) and time (0, 6 and 12 weeks) factors. Since Mauchly's test of sphericity of repeated measure ANOVA test was not being assumed, Greenhouse-Geisser epsilon correction was reported. A P-value <0.05 as statistical significant difference and 95% confidence interval were considered for data analysis.
Results
A total of 75 eligible multiple sclerosis patients were included in this study. Two months after starting intervention, one patient from the CawthorneCooksey exercise group and two patients from the Frenkel exercise group dropped out of treatment due to disease relapse and being unable to regularly participate. Finally, a total of 72 patients completed our study (Figure 1 ).
Demographic and clinical features of the three groups are shown in Table 1 . No significant differences between the groups were found for the demographic and clinical data at baseline.
In Table 2 , the result of the repeated-measure ANOVA test demonstrated no statistically significant difference at baseline between the three groups. However, there was a significant interaction of groups by time for patients' balance in the Cawthorne-Cooksey group at the end of the third month after beginning exercises (12 weeks after baseline) compared with pre-intervention (0 weeks) and at 1.5 months after starting the intervention (6 weeks after baseline) (P = 0.001).
The findings from the between-group analysis for changes in balance score showed that there was a significant difference between three groups (Table 3) . Patients in the Cawthorne-Cooksey group showed statistically significant changes in balance score in comparison with the Frenkel group, as well as the control group (P = 0.001). In the Frenkel group, balance improvement was statistically greater than the changes in the control group, but in comparison with Cawthorne-Cooksey group, it was not significant. The BBS score increased to 8.9 in the Cawthorne-Cooksey group and 2.3 in the Frenkel group, while it decreased to 1.2 in the control group.
No falls and adverse events occurred during the intervening period of this study.
Discussion
The aim of this study was to examine whether either the Cawthorne-Cooksey or the Frenkel exercise can help improve balance in patients with multiple sclerosis or whether one is better than the other. The study results showed that CawthorneCooksey exercise was the only exercise that led to a statistically significant difference in balance in comparison with the Frenkel and the control groups. Although changes in BBS scores showed an increasing trend in the balance for the Frenkel group, there were no significant differences between this group and the control group.
In agreement with other studies on the effect of exercise program, there were improvements in balance performance. [26] [27] [28] However, Learmonth et al. 29 found that 12-week community-based group exercise intervention improved physical activity levels, perceived balance confidence and leg strength in patients with multiple sclerosis, but they did not observe improvements in BBS and 25-foot walk time. This contradictory finding could be due to the types of therapeutic exercises.
Following a 12-week study, patients with multiple sclerosis in the Cawthorne-Cooksey group showed significant improvements in BBS scores. Our results have a number of similarities with Hebert et al.'s 30 findings. They found a significant improvement in balance scores for participants in the experimental group (who underwent a vestibular rehabilitation program) in comparison with participants in either the exercise control group (who underwent an endurance and stretching program) or the wait-listed control group. It should be noted that in the previous study, like this study, vestibular rehabilitation exercises had been used. Moreover, our experiments were in line with Ribeiro Ados and Pereira 19 results. They found that three months of Cawthorne-Cooksey exercise improved balance and reduced the likelihood of falls in older women. Other studies have shown that Cawthorne-Cooksey exercise has a positive effect on the symptoms of vestibular failure. Decreased vertigo in patients with multiple sclerosis 31 and improved quality of life in the elderly patients with dizziness 32 were reported as benefits of this exercise.
One of the key findings of this study was the least impact of Frenkel exercise on improving balance. We noted that changes of 2 or 3 points in balance score may not be clinically meaningful. Similar to this finding, Rojhani-Shirazi et al. 33 had reported that three weeks of Swiss ball training is more effective than Frenkel exercise for improving balance. This study does not support Do Nascimento et al.'s 34 research in this area. They showed that there was a significant improvement after 14 sessions of Frenkel exercise in one stroke patient. This exercise was applied in the treatment of a person with ataxia after hemorrhagic stroke and a significant gain in relation to coordination, balance and functional activities after this exercise was observed. Differences in sample size and disease type of the two trials may have been the causes for dissimilar results. Improved balance obtained from merely one patient cannot reflect the positive effect of this exercise in improving the balance of all patients with balance disorders including multiple sclerosis.
It is interesting to note that the results for the control group showed a decrease in BBS scores. This indicates that lack of a planned exercise program may lead to worsening of symptoms in patients with multiple sclerosis.
There were some limitations in our study. For example, most patients had the relapsing-remitting type of multiple sclerosis. Additionally, the number of patients in each group was small, therefore, further research on the other types of multiple sclerosis with larger sample size are warranted. Lack of otoneurological examination was another limitation. However, as was mentioned before, all centers for balance maintenance are usually impaired in multiple sclerosis patients with imbalance. Nevertheless, pre-intervention assessment of the patients by medical examination is recommended for future studies in order to achieve more accurate results. However, as the focus of this study was on the influence of exercises on balance, there was no possibility of assessing fatigue, which may affect balance. Fatigue measurements could draw firm conclusions at this point. Finally, there was no possibility of blinding the participants to their group allocation due to the nature of the intervention, but the person who collected the data was blinded to group allocation. Despite these limitations, our study has an important strength which lies in the inclusion of a non treatment (control) group. By the control group, the differences in the results of intervention were highlighted in comparison with non-intervention.
This study demonstrated that in comparison with Frankel exercise, a program of CawthorneCooksey exercise is more effective in improving balance in people affected with multiple sclerosis, with no worsening of their clinical status. In conclusion, we suggest that Cawthorne-Cooksey exercise can be used along with medication in patients with multiple sclerosis due to its various benefits such as ease of learning, low cost and not being invaded. 
